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“The Great Plains are a land
that you love or hate. In the
winter come blizzards that
are so blinding that you
cannot see the length of your
automobile…. In the spring
there is usually a wind-storm
or two … strong enough
to blow half the water out
of a bucket…. All summer
long the wind blows and
blows, and the sun-shine
glares. If the rain comes it is
in showers which are soon
over. Meanwhile there is little
else to do but watch the
weather….”
From J. RUSSELL SMITH, North America

Figure 1: Feeling a dust storm, Cimarron County, Oklahoma
Time: April 1936
Arthor: Rothstein (Amer., 1915-1985)
Source: https://www.joseflebovicgallery.com/pages/books/CL191-143/arthur-rothstein-amer/fleeing-a-dust-storm-cimarron-countyoklahoma
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Figure 2: The desertification and ways to change it
Paper Collage

Abstract

The past century of extractive pumping of
underground water coupled with climate change
and extreme weather since the 1950s led to great
unpredictability and uncertainty about the future of
the landscapes of the high plains. The High Plains, or
Ogallala Aquifer, has significantly declined as water
continues to be pumped to irrigate crops. Reports
and scientists estimate that the aquifer will dry in 30
years. The Dust Bowl of the 1930s is an example
of a man-made catastrophe that resulted from the
mismanagement of the agricultural landscape. The
Shelterbelt Project, proposed as part of the New Deal
in 1935, did not directly protect the dust bowl core
zone. Most of the shelterbelt areas have degraded
or been removed as they are aging or conflict with
center pivot irrigation. This thesis learns from the
past to preempt a landscape crisis as the Ogallala
aquifer dries up and farmland can no longer be
irrigated at the rate it has been for the past century.
The design proposes multifunctional windbreaks and
regenerative agriculture through planned grazing
rotation. This model will reduce the underground
water usage, restore the prairie ecology, increase
biodiversity, help reduce potential desertification,
and provide a series of social activities to maintain
this landscape’s economic and social viability while
restoring the prairie.

Figure 3: The making of landform
Paper Collage
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Research Diagram

Research Question

How can design help to reduce the potential
desertification of the Great Plains in this fragile
land as the Ogallala aquifer commons continue to
decline?
Are there opportunities to transition away from
extractive pumping of the aquifer while maintaining
the economy of the region?
How can design increase the biodiversity and
sustainability in this large land area to create a
healthier ecosystem?

2
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Figure 4: Sandage prairie, 2014
Author: Anthony Zukoff
Location: Sandage Bison Range, Finney County, KS
Source: https://www.flickr.com/photos/voodoosnakes/14356637025/in/photostream/
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Terminology
The Great Plains

Regenerative Agriculture

Landscape Technology

Shelterbelt2

Great Plains, also called the Great American Desert,
is a major physiographic province of North America.
The Great Plains lie between the Rio Grande in the
south and the delta of the Mackenzie River at the
Arctic Ocean in the north and between the Interior
Lowland and the Canadian Shield on the east and
the Rocky Mountains on the west. Their length is
some 3,000 miles (4,800 km), their width from 300
to 700 miles, and their area approximately 1,125,000
square miles (2,900,000 square km).

“Regenerative Agriculture” is a conservation and
rehabilitation approach to food and farming systems.
It focuses on topsoil regeneration, increasing
biodiversity, improving the water cycle, enhancing
ecosystem services, supporting biosequestration,
increasing resilience to climate change, and
strengthening the health and vitality of farm soil. It
Describes farming and grazing practices that, among
other benefits, reverse climate change by rebuilding
soil organic matter and restoring degraded soil
biodiversity – resulting in both carbon drawdown and
improving the water cycle.

The advances in technology have an impact on
landscape architecture design processes, inventory,
analysis, research, and construction.

Shelterbelts are linear plantings of multiple rows
of trees or shrubs established for environmental
purposes such as protecting farmsteads and
livestock areas, saving energy, and enhancing wildlife
habitat.

Desertification1

Land Degradation1

Dust Bowl

Land degradation in arid, semi-arid, and dry
subhumid areas results from various factors,
including climatic variations and human activities.
The process by which fertile land becomes desert
is typically a result of drought, deforestation, or
inappropriate agriculture.

The reduction or loss, in arid, semi-arid, and dry
subhumid areas, of the biological and economic
productivity and complexity of rain-fed cropland,
irrigated cropland, or range, pasture, forests, and
woodlands, resulting from land uses or from a
process or combination of processes, including
processes arising from human activities and
habitation patterns, such as:

Arid, Semi-Arid, And Dry Subhumid
Areas1

1) Soil erosion is caused by wind or water.
2) Deterioration of soil’s physical, chemical, and
biological or economic properties.

Areas are other than polar and subpolar regions, in
which the ratio of annual precipitation to potential
evapotranspiration falls within the range from 0/05
to 0.65. The area within the U.S. that meets the
arid, semi-arid, and dry subhumid includes the
17 western states. The Great Plains are the lands
east of the Rocky Mountains where agriculture is a
predominant use of the land, while the land between
the major Western mountain ranges is more adapted
to livestock grazing, recreational use, and extractive
Industries

The Dust Bowl was the name given to the droughtstricken Southern Plains region of the United States,
which suffered severe dust storms during a dry
period in the 1930s. As high winds and choking dust
swept the region from Texas to Nebraska, people
and livestock were killed, and crops failed across the
entire region. The Dust Bowl intensified the crushing
economic impacts of the Great Depression and drove
many farming families on a desperate migration in
search of work and better living conditions.

3) Long-term loss of natural vegetation.

1: National Report on Efforts to Mitigate Desertification in the Western United States
6

2: “SHELTERBELTS Michigan Conservation Reserve Program CRP – CP16A.” Natural Resources Conservation Service (NRCS), October
2006. https://www.fsa.usda.gov/Internet/FSA_File/ccrpcp16a.pdf.
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Introduction

High Plains Aquifer, also known as Ogallala Aquifer,
The High Plains aquifer underlies 174,000 mi2 in
parts of eight States—Colorado, Kansas, Nebraska,
New Mexico, Oklahoma, South Dakota, Texas,
and Wyoming. The land was once a vast prairie
with countless bisons roaming freely. After the
Homestead Act of 1863, people started migrating
to the west and conquered the land. The bison were
being hunted to extinguish. As center-pivot irrigation
technology prevails, the aquifer water for irrigation
becomes stable. Some scientists have indicated
that the aquifer may only have less than 30 years
of life if they still pump the water out at such a rate.
As a landscape architect design, thinking needs to
address this common issue. It may take years to
prepare and transit into the stage using less water to
cultivate the crops. Today the High Plains Aquifers
support about one-fifth of the agricultural product. It
has 55.6% ranch land (USGS). The water supports
the daily and productive usage of a 2 million
population.
High Plains Aquifer Thickness (2009)
0 Ft

1150
Other Aquifer

Figure 5: High Plains aquifer thickness study
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Figure 6: The U.S. land cover and the High Plains aquifer
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Figure 8: A landscape replete with bison, 1855
Contributor: Sarony, Major & Knapp Lith.
Source: Library of Congress Prints and Photographs Division Washington, D.C. 20540 USA https://www.loc.gov/item/2011648983/

Development Of The Great Plains
And The Death Of The Bison
The bison once roamed on the Great Plains freely
with millions of them. Their activities zone is also
called the Great Bison Belt. However, after the
Europeans arrived in North America, the land of the
whole continent started a tremendous change. The
number of bison declined dramatically, and the whole
species was nearly extinct. As humans took their
land, the land condition changed into farmland.

Figure 7: Map illustrating the extermination of the American bison, 1889
Author: Hornaday, William T., 1854-1937. Gannett, Henry, 1846-1914. Julius Bien & Co.
Source: Southwest Collection Maps, http://hdl.handle.net/10605/320136

The great plains were not developed as an
agricultural field before the 1800s. The Homestead
Act 1863 played an essential role in its development,
which gave citizens or future citizens up to 160 acres

of public land. This Act attracted a large number
of people migrated to the Great Plains. During the
same approximate period, The Pacific Railroad Acts
of 1862 and 1864 also shaped the Great Plains. The
Union Pacific Railroad was being constructed and
funded by the federal government. It provided the
convenience for people to reach the undeveloped
plains. The book Changes In The Land by William
Cronon described a huge environment that changed
in New England after the arrival of the European
settlement to the native Americans. The change
and the development of the Great Plains were also
similar.
13
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Since the arrival of the new settlement, everything
changed. The land was soon separated and
occupied in the Great Plains using Gunter’s Chain.
The land was divided into square miles. Then using
this repetitive method, the entire country was marked
with the grid following the lines of latitude and
longitude (Corner, 1996). In Nebraska, by the 1900s,
almost all the land had been claimed (Archer, et al.,
2017). The land was being used for farming.
The making of the national parks also attracted more
people to explore or move to the west. These forces
put together made the central and western U.S.
start its rapid development. The population in the

Great Plains grew dramatically between the 1860s to
1900s. Nebraska was only 2,732 residents in 1854,
then settlers of European ancestry started to inhabit
the whole state, and the state’s total population had
grown more than fourfold, from 28,841 in 1860 to
122,993 in 1870 (Archer, et al., 2017).
Claiming the land also changed the environment.
Previously bison were mainly hunted by the Native
American as a food source. The hunting of bison
activities was limited as the Native American also had
other food sources, which means the hunting will not
cause the species to decrease significantly. However,
the railroad created an excellent convenience for

Figure 10: Photograph of a pile of American bison skulls waiting to be ground for fertilizer, 1892
One of the hundreds of buffalo skull piles with two humans for comparison. The U.S. Army eradicated 40 million buffalo between 1830
and 1865
Source: Burton Historical Collection, Detroit Public Library, https://commons.wikimedia.org/wiki/File:Bison_skull_pile-restored.jpg

Figure 9: The far west - shooting buffalo on the line of the Kansas-Pacific Railroad / Bghs., 1871
Source: Library of Congress Prints and Photographs Division Washington, D.C. 20540 USA, https://www.loc.gov/pictures/
item/2004669992/
14

people to trace bison. The rail also separated the
bison’s living environment. When most of the flat
land was claimed, it was hard to identify the bison’s
belongings that initially belonged to nature. At that
time, bison as wild animals were not being tempted
and were hard to treat or keep like the cattle. Their
meat was not popular compared to other species.
There were no reasons to raise them and keep them
at the ranch compared to other animals that can
keep them easily. This made people hunt them freely,
selling their herbs for profits, without thinking about
any result of their situation. The number of bison

started to decrease dramatically, down to fewer than
25,177 animals remaining in 1883 (Hornaday, 2002).
Wild bison were no longer roaming freely on the great
plains after people hunted and claimed the land.
Today most bison are being raised in captivity or on
protected lands.

15
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Compared to other animals being kept at the ranch,
the pre-existing wild bison can freely roam in the
great central plains. The other animals like cattle,
sheep, and hogs have many differences compared
to the bison. Bison enjoy roaming on the open slope
grassland and have more considerable activity
distance. Bison need more roaming spaces and
daily activities. They only spent limited time on food
but more time playing, wallowing, and socializing
activities. Unlike those ranch species mostly being
kept in a limited place, bison like to travel for longdistance. In the sandhills of Nebraska, bison tracks
were still able to trace their routine communication
between interdune hunting for food (Loope &
Swinehart, 2000).

patches as bison played. Tiny ponds were created
where they wallowed. As the rain comes, the tiny
ponds keep the rainwater. The patches provided
a more biodiversity living environment for other
species. Therefore, bison’s existence proved to
have better ecological diversity features than other
animals. Long-term controlled studies comparing
rangeland cattle and bison have found that higher
levels of biodiversity are more commonly associated
with bison occupationTowne & Hartnett, 2005).
However, after almost all the bison being hunted, the
land sharply turned into the developed phase that
mainly served humans as they wanted. Agriculture
activities with the specific boundary formatted the
whole great plains.

These activities provide more chances for the
bison to get in touch with the land and soil. Bison
like to wallow in the sandy soil. When they wallow,
they also create a lot of sandy zones. Significant
in their size and numbers, bison frequently used
sandhills and adjacent areas, providing forage,
water, protection from the elements, and desirable
wallowing conditions. These areas received periodic
disturbance by bison, which may have been critical
for maintaining active sand dunes (Fox, Hugenholtz,
Bender, & Gates, 2012). The land was once full of

Growth Of Agriculture And The
Death Of The Land
The Homestead Act 1863 opened the human
migration trend. Group Settlements from 1860-to
1910 vastly increased the population in the Plains.
When people migrated to the Great Plains, they did
not know about the climate condition in the early
stage. The new settlers only lived on the land for
one generation and even did not notice the weather
pattern of the great plains. Crops that needed

Figure 11: Bison’s ways to create patches and increase biodiversity
16

sufficient water to grow were planted as some of the
previous years had better precipitation. However,
as the precipitation became normal, farmers later
realized the land-only was suitable for growing semiarid vegetation.

Figure 12: Photograph of a family with their covered wagon during the Great Western Migration, 1866
Source: U.S. National Archives and Records Administration, https://commons.wikimedia.org/wiki/File:Photograph_of_a_Family_with_
Their_Covered_Wagon_During_the_Great_Western_Migration,_1866_-_NARA_-_518267.jpg
17
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“The Great Migration from
1910-1925 was the largest
relocation of a single group
of people in American history,
with a massive shift of nearly 5
million blacks from the South
to other parts of the U.S.”
Archer, et al., 2017)

Figure 13: Breaking sod in Greely County, Kansas, May 1925
Source: © 2011 University of Nebraska–Lincoln
http://plainshumanities.unl.edu/encyclopedia/figures/800/egp.ag.065.jpg

During World War I, food was highly demanded.
The price of agricultural products raised hugely.
The productive farming lands have been developed
significantly, and marginally farmable lands have
also been put into farming. The profitable farming
practice caused the new settler to develop as much
land as they had and ignore thinking about the land
condition. Without the help of satellite images or any
clear site survey, all the development was under the
will of local farmers, which means under the risk of
uncertain weather conditions and some of the lands
were being developed unproperly.
After technology developed, the farming practice
also had a more efficient tool, which needed fewer
18

laborers. After 1908 Ford Motor Company make cars
accessible to the masses. Tractors have become
great tools for large-scale farming practices. The
Plow That Broke the Plains by Pare Lorentz in 1936
recognized that the large-scale use of tractors in
these arid regions in hunting for profit is a significant
factor in the desertification and related land
problems. The First World War period was also when
people started to farm with the help of machines.
The help of machines like tractors significantly
improved the speed of plowing more land and
needed less labor. As technology develops, “Nearly
every generation of Americans can plant the land
more efficiently with less and less labor and get the
same yield. The same amount of labor can get one-

fold of farming yield than the previous generation.”
(America Revealed, 2012) These farming practice
tools created a more straightforward farming practice
to grow crops.
The significant increase in demand for farming
machines led to the easier of large-scale farming,
causing the soil to be exposed to the air efficiently.
However, what people did not realize at that time
was that the great plains would experience a
periodic drought happened about every 20 years,
which happened in the 1910s, 1930s, and 1950s
(Archer, et al., 2017), the soil without water irrigation
was exposed to the air will soon start degraded.
Desertification was the consequence caused by the

long-time drought weather. The dust bowl in the
1930s was in a long period of hot and dry weather
(Cordova & Porter, 2015). This hot and dry weather
lasted for about a decade, making the Dust Bowl
notorious.
Trees were the rare plants on the Great Plain
compared to other regions in the United States. As
the Great Plains is a large piece of flat land without
any shelterbelt or forests, nothing was able to
stop the flying dust from moving. The catastrophe
just happened and was hard to stop without any
barrier, wiping out the agricultural land developed by
generations. Millions of people abandoned their land,
left their farms, gave up their homes, and moved to
19
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other cities, decreasing the population after the Dust
Bowl.
The dust bowl that followed the Great Depression
also served as a wake-up call for thinking about
environmental governance in the United States.
The book Dust Bowl: The Southern Plains in the
1930s by Donald Worster in 1979 illustrated the
long-term consequence of land development
failure. Several reasons caused this catastrophe, the
growing demand of the market, the people pursuing
countless profits, the development of technology
that made farming more straightforward, and the
food price for the First World War. People were just
framing everywhere. They never think about ecology
and its effect on nature. Then the soil degraded, and
the dust bowl came.
Figure 14: Map of area affected by the Dust Bowl
Source: From the book The Making of America, published by
National Geographic Society © 2002, National Geographic Books
https://www.nationalgeographic.org/photo/dust-bowl/

Figure 16: A barrier erected to keep back snowdrifts covered by dust, Colby, Kansas.
Time: Feb. 24, 1935
Source: https://whnt.com/news/national/this-day-in-history/this-day-in-history-february-24/

Remediation Of The Land And The
Depletion of Aquifer

Figure 15: Dust storm approaching Stratford, Texas.
Time: April 18, 1935
Source: https://openvalley.org/items/show/1165
20

It takes time for the degraded soil to recover.
Innovative technology helped a lot in the farming
practice. Center pivot irrigation was invented in 1940
(Morgan, Robert 1993). Since then, it has become
an essential resource for the semi-arid land to plant
crops that need more water. In order to use the
center pivot irrigation system, the land needs to
be flat, which the Great Plains provide a suitable
environment. The center pivot irrigation started its
rapid development in the 1950s. The Great Plain
and the High Plain Aquifer took great advantage of
irrigated agriculture. The Registered Irrigation Wells

map from Atlas of Nebraska shows the fast growth
since the 1950s, and this growth also happened in
other states above the High Plains Aquifer.
The New Deal’s policies had new thinking and
affected the Great Plains in many ways. The
programs mainly can be seen as two forces for
farming to remediate the issues. First was the
immediate relief of the needs of people, including
belonged programs for cattle purchases, direct relief,
and the shipment of food and seed to the stricken
areas. The government would buy the nearly dead
21
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cattle from the farmer to keep the reasonable price
in the market. The second was long-time thinking
to reform nature which aimed to mitigate the effects
of droughts, dust storms, crop losses, and poor
yields. It established a better balance between
the human and physical resources of the region,
including programs for submarginal land purchases
and resettlement, land-use readjustments, shelterbelt
plantings, soil conservation, and the ever-normal
granary and crop insurance (Saloutos, 1969). These
two forces work together to keep the economy and
ecology.
Different kinds of services combined with academic
activities happened during technology development.
The observation and detection of the land make
considerable efforts to mitigate desertification
in the western. Related organizations, including
forest inventory, water resources, land fire, Mapped

Figure 17: Active registered irrigation status
Source: Atlas of Nebraska
22

Atmosphere-Plant-Soil System, and other monitor
activities, have also been established (National report
on efforts to mitigate desertification in the Western
United States : the first United States report on
activities relevant to the United Nations Convention
to Combat Desertification., 2006). These observing
works greatly detect the Great Plains’ potential
change and provide a platform for studying and
forecasting.
As more farmers highly depend on the underground
water, the center pivot irrigation system makes the
land no longer dry and able to cultivate the thirsty
crop, which yielded beneficial economic impact.
Today, this arid region accounts for about 19% of
the U.S. wheat and cotton production, 15% of corn,
and 3% of sorghum. In addition, the region produces
nearly 18% of the U.S. beef and is rapidly becoming
a center for hog and dairy industries.

Figure 18: Registered irrigation wells installed by decade
Source: Atlas of Nebraska
23

Overview

The Future of The High Plains Aquifer | Addressing Potential Desertification In The Great Plains

Aquifer Agriculture
174,000

*

92%

27%

2.3M

19%

Square Miles

Water Used Supplied By Ground Water

Irrigated Land in U.S.

Population

Cotton in U.S.

Wheat in U.S.

54%

94%

30%

2M

18%

15%

Cattle in U.S.

Corn in U.S.

Agriculture Dominant Land Use Irrigation Used Ground Water Nation’s Ground Water for Irrigation People’s Drinking Water
* U.S. Geological Survey's (USGS). National Water-Quality Assessment. (NAWQA) Program High Plains Regional. Ground-Water Study. 2020
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19%

Figure 19: Agriculture and the High Plains aquifer
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19%
Cotton in U.S.

19%
Wheat in U.S.

18%

15%

Cattle in U.S.

Corn in U.S.

Figure 20: Cotton, Cattle, Wheat, and Corn sales in dollars
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“Sitting in his Ford pickup
next to Section 35, he
unfolded a sheet of white
paper that tracked the
decline of his grandfather’s
well: from 1,600 gallons a
minute in 1964, to 1,200 in
1975, to 750 in 1976.
When the well slumped
to 500 gallons in 1991,
the Yosts capped it and
drilled another nearby. Its
output sank, too, from 1,352
gallons to 300 today.”
Wines, Michael. “Wells Dry, Fertile Plains Turn to Dust.” The New York Times, May
20, 2013.

Figure 21: Wells Dry, Fertile Plains Turn to Dust
Source: Wines, Michael. “Wells Dry, Fertile Plains Turn to Dust.” The New York Times, May 20, 2013. https://www.nytimes.
com/2013/05/20/us/high-plains-aquifer-dwindles-hurting-farmers.html
28

However, the water in the aquifer is mainly
fossil water. It takes thousands of years for it to
accumulate into one of the largest aquifers in the
world. The aquifer water declined at the rate of
about 1.4 feet from 1969 to 1979 per year, 0.82 feet
from 1979 to 1989 per year, and 0.55 feet from 1989
to 1999 per year (Kansas Water Office, 2003). The
capacity of the High Plains aquifer, which underlies
parts of Nebraska, South Dakota, Colorado, Kansas,

Oklahoma, New Mexico, and Texas, has decreased
by 33% since about 1950. Withdrawal from the
Ogallala is three times faster than its recharge rate
(Gleick et al. 2002). The recharge rate is only about 1
inch per year (Gleick, Wolff, Chalecki, & Reyes, 2002).
After generations of accumulation, the water level
has shown a massive decline in some areas. The
decline of the aquifer has made getting underground
water harder and harder. It can only pump about
29

Overview

The Future of The High Plains Aquifer | Addressing Potential Desertification In The Great Plains

one-fifth of the aquifer in some places compared to
the 1950s. During 2012-2013 was another dry year
period. The limited underground water made the
farmer only able to plant within a half-circle of the
field. Some of the agricultural fields growing crops
before were changed into raising cattle or sheep in
other to save water.
Underground water is cheap, so no one preserves it
and treats it as treasure. The water is underground
and invisible, so no one knows how much it is still
available and never knows if the farmer should
slow down or stop the pump to preserve it. When it
declined, there was not enough water for irrigation
anymore. People can only revert the land to dryland
farming, planting crops that are not thirsty. It will
mean farmers in Texas might not be able to plant
cotton, for farmers in Kansas and Nebraska might
not be able to grow corn as much as today.

Terrain Above

Water-level Changes in the
High Plains Aquifer (1950-2015)
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People realize the underground water is being over
exploration, most newly registered central pivot
irrigation systems in Nebraska try to use the river
system as the primary water source instead of the
High Plains Aquifer’s water. Water districts were
establish to monitor and reduce water use. Also,
the Sandhills in Nebraska is not a farmable place
as its land is not flat, most of the sandy soil on it is
conducive, and the underground water in Nebraska
can recharge more effectively. Even Nebraska has a
large percentage of irrigated land. The underground
water may not change as severely as in other places
in the Great Plains.
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Figure 22: Water-level changes and the aquifer thickness
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Figure 23: Irrigation percentage
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Figure 24: High Plains Aquifer water level change
from 1950 to 2015
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Climate Changes And Extreme
Weather Bring New Challenges
The High Plains area is in a zone full of uncertainty.
Some evidence has shown that numerous severe
droughts condition lasted at least several decades
and can even lead to full mobilization of the sand
sea (Ahlbrandt, Swinehart, & Maroney, 1983) (Loope,
Swinehart, & Mason, 1995). Some paleoclimatic
data showed the fact that the magnitude of a Dust
Bowl drought like the 1930s will occur once or twice
a century in the past 300-400 years, and a decadal
length drought once about every 500 years. The
increasing global temperature is also the force that

could cause the drought. Moreover, the Paleoclimatic
data also strongly shows there will have potential
Great Plains droughts next century as severer as
the case in the twentieth century (Woodhouse &
Overpeck, 1998). As most of today’s land is being
plowed and used, the damage will be hard to
imagine compared to the previous century. It seems
clear that future droughts of similar magnitude would
have a devastating effect on non-irrigated, dryland
agriculture and will seriously deplete the aquifer.

El Niño and other natural phenomena like the
solar-lunar cycle also affect the Great Plains. In the
hundred’s years of framing development, farmers
above the High Plains aquifer felt justified in their
belief in the twenty-year Dust Bowl cycles, which
occurred in the 1930s, the 1950s, the 1970s, and
the 1990s (Opie, Miller, & Archer, Ogallala : Water
for a Dry Land, 2018). Research from scientists has
shown that the strong connection between the state
and the oceans, including the Pacific and the Atlantic

Ocean, can cause the drought condition in the Great
Plains directly or indirectly. (Trenberth, Branstator, &
Arkin, Origins of the 1988 North American Drought,
1988) (Palmer & Brankovic, 1989) (Trenberth &
Guillemot, Physical Processes Involved in the 1988
Drought and 1993 Floods in North America, 1996)
(Ting & Wang, 1997). A large number of studies have
shown the close connection in both the equatorial
Pacific [El Niño–Southern Oscillation (ENSO)-related
conditions] and the northern Pacific to spring and

Figure 25: Picked cotton in the filed and pivot sprinkler outside of Akerly Texas
Author: xkronus
Source: https://www.instagram.com/p/BSbIo0fDuH4/
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summer precipitation variability in the Great Plains
(Trenberth, Branstator, & Arkin, 1988) (Kiladis & Diaz,
1989) (Palmer & Brankovic, 1989) (Bunkers, Miller,
& DeGaetano, 1996) (Phillips, Rosenzweig, & Cane,
1996) (Ting & Wang, 1997).
The temperature rising under climate change also
causes more evaporation leading to drought, which
increases the vulnerability due to the land-use
pattern of today (Woodhouse & Overpeck, 1998).

Average global temperatures in the 1980s were the
highest measured in the last 130 years when reliable
records were first kept. Within twelve years, seven of
those years—1980, 1981, 1983, 1987, 1988, 1990,
and 1991—had been the warmest. The warming
pace still going on for the rest of the 1990s, scientists
feared, could set off wide disruptions of human
societies by greater desertification and heavier rains,
depending upon the region (Global Change and
Terrestrial Ecosystems, 1995).

“Deserts are expected to expand,
and the heartlands of continents to
become drier. . . . In summer, water
would evaporate faster, drying the
soil.”
From Stevens, William K. 1995

Figure 26: A brief history of the Great Plains collage
36
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runs out of water. California also showed agriculture
irrigation water crises as agriculture heavily depends
on irrigation. Water price is a significant proportion of
their crop price in California. The drought seems not
far away as most of the farms in the central heavily
use underground water. Agriculture in the U.S. is not
only able to feed the whole country and also being
exported outside. However, it is still hard to imagine
if we lose that 20% yield from the High Plains, what
would look like with a combination of water, food, or
living crises.

Figure 27: Center pivot irrigrated corn field
Source: https://www.aces.edu/blog/topics/farm-management/irrigated-corn-enterprise-budget/

Scientists have long known about the possibility
of prolonged drought and the delectation of the
aquifer in the region. However, the wells for irrigation
are still being approved and exploited in the whole
High Plains (Ogallala) Aquifer. Before 1997 the High
Plains Aquifer had already supplied 30% of the
groundwater used for irrigation. As more and more
fields were using central pivot irrigation. The land
belongs to private property, but the aquifer as the
common has been over-exploited. It is just like the
grassland once being overgrazed. It will degrade and
start desertification and take a long time to recover.
There also has been some scientific research
showing that the dust will transmit the measles virus,
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influenza virus, and Coccidioides immitis (Robert,
Connie, & Kenneth, 2018). What would happen if
the United States again had a period of prolonged
drought associated with frequent high-intensity
dust storms similar to the 1930s and associated
with the COVID-19 pandemic? The COVID-19
pandemic has caused a tremendous number of
people to be sick and die worldwide. If drought,
dust storms, underground water depletion, and the
related dust virus happen together, the people in
the middle will have to face another catastrophe
impact. Nevertheless, no one can forecast precisely
when the next drought will come and if it will cause
a catastrophe. In 2018 and 2021, Cape Town’s Zero
Day has shown what it will look like if the whole area

If the drought catastrophe happens, the significant
social impact will need to be remediated by social
support, and the cost will be huge. Federal aid costs,
including disaster assistance, crop insurance, and
emergency feed assistance for the 1988 drought,
amounted to $7 billion, with additional aid supplied
by the local individual states (Riebsame, Changnon,
& Karl, 1991). The total costs to aid the 1988 severe
drought exceed $39 billion (Riebsame, Changnon,
& Karl, 1991). The duration of the 1988 drought
was only about three years, and about 37% of the
contiguous United States was in severe or extreme
drought (Riebsame, Changnon, & Karl, 1991). While
the 1930s drought lasted about seven years, and at
its peak, almost 70% of the contiguous United States
experienced severe or extreme drought (Riebsame,
Changnon, & Karl, 1991). It is hard to calculate or
compare the costs or losses of the drought, but the
costs to remediate and recover for the next drought
would surely be tremendous.

Overview Conclusion
Everything is inside a dynamic close-connected
system. Inside the Great Plains region, the gains
of one thing somehow result from the reduction of
others. The dust bowl seems not going to happen
these days is just because the semi-arid land that is
not suitable for agricultural activities went back to
natural prairie. The agricultural fields were upgraded
to the central pivot irrigation system, which mainly
used the water from the Ogallala Aquifer to cultivate
the soil. The government and related organizations
have spent time and money studying and monitoring
the soil, weather, and underground water condition
to understand better and control the drought. But
the drought weather that happens periodically on
the great plains is a fact that lasts for centuries. The
decline in aquifer storage is accelerated with more
agriculture irrigation and oil and coal extraction
activities. The decline of the underground level
somehow has caused people to abandon their field,
leaving. Without human cultivation and irrigation,
the existing agricultural land that highly depends on
underwater is hard to get used to the original semiarid dry environment.
As humans, we can make desertification happen. It
is also possible for us to stop that process and think
about the design with nature.
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Case Study

•

The Shelterbelt Project

•

3-North Shelter Forest Program

•

Nebraska National Forest And Grassland

•

Nebraska Sandhill

•

Kubuqi Desert Remediation

Figure 28: Irrigate the salix mongolica in Kubuqi Desert
Time: July 27, 2015
Source: https://www.sohu.com/a/421376955_267106
40
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After the Great Depression of 1929 and the Dust
Bowl in the early 1930s, the Great Plains Shelterbelt
project became part of the Living New Deals to
remediate the development failures, start to solve the
historical issues and aim to create windbreaks from
south to north for better protection. The project idea
was started by President Franklin D. Roosevelt in
1934, then developed and planted. The project, also
called Prairie States Forestry Project (PSFP), was one
of the biggest afforestation projects in U.S. history. It
was managed by the United States Forest Service,
and thousands of landowners undertook a series
of corporation agreements to plant over 200 million
trees in about 33,000 shelterbelts over 7 years (Sarah
& Richard, 2020). The project started from Texas
in the southern U.S., passing Oklahoma, Kansas,
Nebraska, South Dakota, and North Dakota, all the
way to southern Canada.
The construction of The Shelterbelt Project somehow
learned from the previous experience and has some
similarities to the tree planting experience in the
Nebraska Sand Hills, where humans were working
to plant trees to create or change the ecology (Lake
States Forest Experiment Station (Saint Paul, Minn.),
1935). Nebraska National Forest began to build in
1902 and is now one of the world’s biggest artificial
forests. Compared to the Nebraska National Forest,
mainly managed and run by specific organizations,
the Shelterbelt Project was mainly planted by the
local farmer and landowner. It is more like a series of
windbreaks that mimic a series of tiny forests in the
private field. At that time, the shelterbelt construction
on the land could receive a decent amount of
allowance from the federal government, which
attracted people to grow more trees on the edge of
their farmland.

1. The Shelterbelt Project
Location: [Texas, Kansas, Nebraska, South Dakota,
North Dakota], U.S.
Time: 1930s

Figure 29: Windbreak overlaid on aerial image
Using G.I.S, an old paper map shows original windbreak
locations overlaid on current aerial imagery.
Source: USDA National Agroforestry Center
42

Figure 30: Conserving the Dust Bowl
Source: Conserving the Dust Bowl: The New Deal’s Prairie States
Forestry Project (Reading the American Landscape) Hardcover
Time: March 13, 2017
Author: Sarah Thomas Karle, David Karle
Figure 31: Windbreak planting
Source: USDA National Agroforestry Center
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“1935 March -- F.D.R.’s Shelterbelt
Project begins. The project called for
large-scale planting of trees across
the Great Plains, stretching in a
100-mile wide zone from Canada to
northern Texas, to protect the land
from wind erosion. Native trees, such
as red cedar and green ash, were
planted along fence rows separating
properties, and farmers were paid to
plant and cultivate them. The project
was estimated to cost $75 million
over 12 years. ”
From (Farming in the U.S. | American Experience | )

Figure 32: The Shelterbelt zone in 1935
Source: US Forest Service, Lake States Experiment Station,
Possibilities of Shelterbelt Planting in the Plains Region
(Washington, DC: G.P.O., 1935), insert between pages 10 and 11.
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The construction of the shelterbelts was a
compromised result between foresters and local
farmers. Foresters provided the ideas and design
proposals, then approved by President Roosevelt,
and finally planted by the uncooperative local
farmers. In the beginning, the forester hoped to plan
the shelterbelt just to mimic the natural condition of
the forest, and the tree will be planted without ideal
spacing and without a specific width. Conifers were
preferred as they are long-term sustainable trees.
This thinking will fully mimic the natural growing
46

style, and the conifer can provide greater protection
compared to other trees, even in the winter season.
However, in the process of negotiation and planting
practice with farmers, the farmer believed that
the windbreak is taking too much from their land,
conifers are growing too slow and taking too much
of their work to plants and maintained and have no
economic return. Therefore, the thickness of the
shelterbelt shrinks from forest style width to about
165ft width with many narrowly spaced in 1935,
and then thinner into the stander of 7 rows wide or

Figure 33: The Shelterbelt Project idea develop
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110ft wide by 1937, the original conifers planting
design were being planted with cottonwood instead.
However, even though cottonwood is growing fast,
they may have a shorter lifespan than conifers (Orth,
2007). That is leading to other maintained issues in
the future.
Even though the design of the Shelterbelt Project
had the purpose of preventing the dust bowl, the
region was still hundreds of miles away from the
Dust Bowl 1930s central region, which most of it is
in the drier zone. The Shelterbelt Project was planted
in the western moister region, and the region today
still does not mainly rely on central pivot irrigation.
The design has more thinking about how to prevent
the dust from blowing into the east while didn’t
indeed focus on how to remediate the dust bowl
central region. Most of the windbreak is just being
planted by the field fellow the field’s orientation, and
they might not think of the best orientation and the
potential of optimized microclimate.
It is hard to say if the Shelterbelt Project had an
important role in stopping the dust bowl activities.
The dust bowl has not happened again somehow
also because the center pivot irrigation has been
a popular tool used on a large scale and irrigated
the original semi-arid land. The shelterbelt was
being built in such a short period of time, which lost

further opportunities to think about how the better
intergraded with people and life. The shelterbelt that
is being planted still needs a large amount of work to
maintain in as they grow, and all the works are now
based on the design, which may not fully optimize for
the large system, somehow also wasting the limited
man-made resources.
But this large-scale project on the whole country let
more people realize the importance of windbreaks
and their potential usage. The windbreak idea has
developed over the years, with different theories
and methods with different types of trees or shrubs
to use in specific scenarios. What has been mainly
recognized today is reducing wind and able to
increase crop yield (Osorio, Barden, & Ciampitti,
2019) (Baldwin, 1988) (Kort, 1988) (Norton, 1988).
In the Great Plains, about 13 times the height of
the windbreaks can have 7.61 % and 9.23% crop
yield gain over the unprotected corn and soybeans
(Helmers & Brandle, 2005). Windbreaks can also be
used to control odor near the ranch, reducing snow
(Brandle, Hodges, & Zhou, 2004) (Laughlin, 1989)
(Hand, Tyndall, & Bowman, 2019), and some show
the purpose of reducing the energy cost by about
10-25% for the house. (USDA Forest Service / UNL
Faculty Publications, 2000). Also, they were creating
habitats for birds, which reduce pests on the farm
and have many other benefits.

Figure 34: A 165-foot wide belt from 1935 creating forest-like conditions.
Source: US Forest Service, Possibilities of Shelterbelt Planting in the Plains Region, p23.
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Figure 35: An example of field windbreaks in an agricultural setting
Source: USDA National Agroforestry Center

The project officially came to an end on July 1,
1942, when responsibility for its administration was
transferred to the Soil Conservation Service. Ten
years later, a more comprehensive survey indicated
“that nearly 30 percent of the shelterbelts were
damaged seriously by livestock and 45 percent
contained dense sod and weed growth.”By 1954
and afterward, many shelterbelts had been ignored,
abandoned, or neglected. Twenty years later, some
shelterbelts had been removed. Others needed
renovation as dead trees increased in number in the
shelterbelts or overcrowding as the conifers grew
and spread (CARLSON, 2017).

As time pass by, there are some concerns about the
shelterbelt conditions today as the shelterbelt project
is already old enough. Some trees are dying because
they are old enough. However, not enough new
tree was planted to replace their existing position
because of the cost. Under global warming, the
tree needs more water to survive, and the existing
trees also suffer from drought. Decades before,
most of the land was owned by the farmer whose
ancestor was there and had a direct economic
benefit to planting the windbreaker, but today, as
some people moved, farmland was sold or rented.
Using the central pivot irrigation system sometimes
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Figure 36: Windbreaks in Wallace County, Kansas
Windbreaks were identified, and their condition was estimated using GIS and object-based software. This analysis helped identify
windbreaks that need renovation. Staff and other resources targeted for windbreak renovation could be directed to where they were
most needed. (USDA National Agroforestry Center, 2017)
Source: USDA National Agroforestry Center

conflicts with the existing windbreaker, and the trees
must be removed for the irrigation system (Smith,
et al., 2021). The construction and maintenance
of shelterbelts also need labor and cost, so most
farmers who rent the land are unwilling to invest
money in the shelterbelt. Some younger farmers also
do not think the windbreaker is necessary compared
to the previous generations.
At that time, there were no computers or satellite
images to help. The shelterbelt design thinking
somehow has no connection or limited integrated
thinking with other disciplines. Also, as the
landscape architects did not engage and propose
the design, the windbreak was built on the farmer’s
land, and there do not have enough connection to
50

the urban greenway or the connection to the urban
green land system. When the Shelterbelt Project was
in the design stage, there was no need to think about
whether the underground water would decline in the
future. At that time, the center pivot irrigation system
was still not used and applied. The plaint shelterbelts
in the Great Plains were being designed and built
in only about ten years. If there was no Dust Bowl
catastrophe and The Great Depression happened,
which urgently needed recovery of the economy and
remediated of the ecology. The Shelterbelt Project
may not even exist.
This heritage today can still not be fully monitored
using the GIS or other new technology to observe
and compare with the historical condition, and

its condition remains unknown. All the shelterbelt
records were written on paper and had not
been transferred or recorded into today’s digital
management tools. The whole Shelterbelt
Project seems like a series of linear planted trees
scattered into the great plains, which does not
have enough management and maintenance as
a historical heritage and a resource. There is no
new update thinking for the heritage shelterbelt or

Figure 37: 2016 Nebraska PSFP Existing Conditions Map.
Map illustrating the status of every shelterbelt planted
across the state of Nebraska
Source: Digital cultural heritage and rural landscapes: preserving
the histories of landscape conservation in the United States
(Sarah & Richard, 2020)
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Figure 38: Shelterbelt project tree planting type

2. 3-North Shelter Forest Program
better management methods. Most of them were
still protected and managed by the local farmer.
Some shelterbelts have been demolished in some
Nebraska areas and only remain about 40% intact.
More than 30% of their original plants have been
demolishedSarah & Richard, 2020). The great
plains are updated with central pivot irrigation, but
the shelterbelt as heritage was not updated. The
shelterbelt as a type of infrastructure seems not
worth a mention, And gradually has damaged and
worn in the global climate change condition.

Location: [North East, North, North West], China
Time: 1978
Area: 4,069,000 km²

Figure 39: Saihanba National Forest Park history
A spot of the 3-North Shelter Forest Program
Source: https://www.sohu.com/a/232614054_402014
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The 3-North Shelter Forest Program concept is
more like a whole system treatment of the whole
desertified environment in the northern part of China.
It is a large artificial forestry ecological project. The
Chinese government decided in 1979 to make this
project an important project for national economic
construction to improve the ecological environment.
The project was planned to last 73 years and will be
carried out in eight phases, with the construction of
the sixth phase already started.
The construction of the Three Norths Project
is a strategic need to improve the ecological
environment, reduce natural disasters and maintain
living space. There are eight deserts and four sandy
lands in the 3-North region, with a total area of 1.49
million square kilometers, accounting for about
85% of the country’s sandy land area, forming a
10,000-mile sandy line from Heilongjiang in the east
to Xinjiang in the west. This area has severe wind
erosion, burial, and frequent sand and dust storms.
The sand storms can easily reach the capital Beijing
and some other northern major cities.
From the early 1960s to the late 1970s, in about 20
years, 6.69 million hectares of land were desertified,
and more than 13 million hectares of agricultural land
suffered from wind and sand. Food production was
low and unstable, more than 10 million hectares of
pasture were seriously degraded due to sand and
salinization, and hundreds of reservoirs were turned
into sand reservoirs.

Figure 40: 3-North Shelter Forest system planning map
Source: https://www.osgeo.cn/map/m3487
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After the 40 years of construction of the Three Norths
Project, a total of 30,149,000 hectares of forestation
has been planted, the forest coverage rate of the
project area has increased from 5.05% in 1979 to
13.59% in 2018, and the living wood accumulation
has increased from 740 million cubic meters to 3.33
billion cubic meters (
, 2018). The Three North
Projects have planted trees and grasses on a large
scale, continuously restored the natural ecology,
created 7.882 million hectares of sand stabilize
forests, treated 336,000 square kilometers of sandy
land, protected and restored more than 10 million
hectares of seriously sandy and saline grasslands
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Figure 41: Saihanba National Forest Park in autumn
Source: https://www.sohu.com/a/232614054_402014

and pastures; created 11.94 million hectares of soil
and water conservation forests, treated 447,000
square kilometers of soil and water erosion; created
1.656 million hectares of farmland protection forests.
The number of farmland protection forest hectares is
1.656 million ( , 2020).
Compared to the Shelterbelt Project, this project
has a longer construction time period. With the help
of this project, the dust storms event have been
significantly reduced compared to the 1980s. Most of
the agricultural land that is unsuitable for continued
farming retreats back to the forest, and the ecology
has been greatly recovered.
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3. Nebraska National Forest And
Grassland
Location: Halsey, Nebraska, U.S.
Time: 1902
Area: 20,000-acre (80.9 km2)

Figure 42: Nebraska National Forest aerial, 2009
Source: https://www.flickr.com/photos/docsearls/4149231940/in/
album-72157719769993629/
57

Case Study

The Future of The High Plains Aquifer | Addressing Potential Desertification In The Great Plains

Figure 43: Bessey at his desk
Charles Bessey is a botany professor in the science of ecology. He advised teachers on science curriculum and farmers on agricultural
problems. He also played an important role in a series of professional organizations and campaigned for prairie forestation.
Source: Courtesy of the Charles E. Bessey, Botany Papers, Archives & Special Collections, University of Nebraska-Lincoln Libraries

Figure 44: Planting jack pine seedlings, 1903
Source: Forest Service photo by C. A. Scott https://www.flickr.com/photos/usforestservice/26414353278/in/photolist-2iKiwun246VBm8-22Jo6ep-Gf9sY7

Planting trees in Sand Hill started at the beginning
of the 20 century. There are several reasons that the
Nebraska National Forest was being constructed.
Firstly, it is widely believed that planting trees can
bring rain and moisten the environment. Secondly,
The Plains are so vast that people on them seem
to need planting to make the landscape look
comfortable. It creates aesthetic value, which
beautifies the vastness of the Great Plains. Thirdly,
the forest can provide wood and log resources for
construction purposes, and timber can be used to
construct buildings. Fourthly, scientists believed
the sand hill was once covered with yellow pine,
so replanting the trees can recover its original
landscape. Also, the forest will create a place

were being planted together, which in that semiarid weather, the newly planted trees were still
challenging to grow well. When the tree grows
up, some animals will eat the sapling of the tree.
For some time, mule deer once were rare species
with only several. As the state legislature made the
Nebraska National Forest a game and bird refuge in
1921, deer became popular. In 1944, they reached
about 850 based on the aerial sample. They started
to damage the seeping and overbrowse the trees
(Mohler, Wampole, & Fichter, 1951). Scientists have
come to realize the importance of biodiversity in
a forest and the importance of different species
working together to create the ecosystem.
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ecology friendly, where all the different species,
including humans, enjoy visiting and staying there.
(GARDNER, 2009)
The whole construction process was like crossing
the river by feeling the stones. The forest was built
with limited resources and experiences. In the early
stage, foresters had a hard time finding well-trained
workers. Therefore, even several tramps were hired
during the planting season (Pierce, 1910). Trees were
being planted by hand one by one on the vast prairie.
The tree planting process was also not going
smoothly. What they found was that single species
of plants are hard to sustain. Then multiple species

Some activities were planned in the experiment
process of tree planting and the creation of the
forest, including water ponds for different regions
and a nursery for the forest painting. These new
infrastructures and facilities made the forest a new
activity space for people. Through grazing activities
by local ranch cattle, the native grass was kept
down, reducing the risk of fire and increasing the
park’s revenue. From 1942 to 1952, an average of
12,772 head of cattle owned by 62 ranchers living
near the forest grazed on the reserve annually. In
1952 grazing receipts totaled more than $84,000
(U.S. Department of Agriculture Forest Service,
1952). The revenue gives the whole park a financial
surplus and can run in a great direction.
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Figure 46: Forest View on the sightseeing tower, 2020
Source: https://www.flickr.com/photos/christinehawks/50353107026/in/photostream/

Figure 45: Nebraska National Forest in the scientific, academic journal
Source: Sensitivity of Potential Groundwater Recharge to Projected Climate Change Scenarios: A Site-Specific Study in the Nebraska
Sand Hills, USA (Adane, Zlotnik, Rossman, Wang, & Nasta, 2019)

The trees planted by previous generations have
created diverse activity spaces for other generations
to rest. The whole forest has developed into a space
used and enjoyed by more people for centuries. The
forest reduced the soil temperature, keeping the soil
and creating a moisture condition. The process of its
construction and maintenance provides knowledge
and inspiration for the later generations.
Recently, some scientific research has shown that
afforestation is not the absolute correct way for arid
or semi-arid areas. Even though in most people’s
common thinking, planting more trees will have a
better environment. Research suggests that the
tree growing with dense spacing will directly relate
to the reduction in the underground water recharge
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rates, with a high percentage of reduction. Different
trees will have different underground water reduced
recharge rates (Adane, Nasta, Zlotnik, & Wedin,
2018). It is also an ideal special place for scientific
research and experiment.
Today, the Nebraska National Forest is still being
maintained and managed and is a popular place for
people to use. It is an area in the Great Plains full of
trees.

Figure 47: Education activities in the forest
Source: https://www.fs.usda.gov/detail/nebraska/learning/?cid=stelprdb5085746
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Figure 49: Aerial view of Sandhills Nebraska winter
Author: John Sidle
Time: December 11, 2019
Source: https://www.flickr.com/photos/121591536@N06/49205416047/

4. Nebraska Sandhill

This case study maybe a little bit different. It is
not able to count as a design project. It is a large
piece of land do not share the same agricultural
development history of the Great Plains. The soil
there is sandy, covered by grass, and the land is
not flat, which means the condition is unsuitable for
developing large scale crop farming. But this may be
the only place that remains largely “undeveloped”
in the original central Great Plains state, where the
Nebraska National Forest was just a tiny part of the
Nebraska Sandhills.

Location: Nebraska, U.S.

Figure 48: Aerial view of Sandhills region Nebraska
Author: John Sidle
Source: https://www.flickr.com/photos/121591536@
N06/51351249704/
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Sand Hills has the “Sand” on its name. However,
it is not a zone, just like a desert. Most of it now is
covered with grass. But throughout history, during

the long time of drought and hot years, the sand was
able to move and has mobility. The last episode of
the aeolian activity happened between 1000 and 700
years ago (Mason, Swinehart, Goble, & Loope, 2004).
Compared to the area that is highly dependent on
irrigation from the High Plains (Ogallala) aquifer. The
Sand Hills area is special compared to other High
Plains aquifer areas. It is the major recharge area
comprising the aquifer. The soil is sandy, which
is also highly conducted and easily recharges the
underground water. About two-thirds of the total
aquifer water in storage is in Nebraska (Weeks &
Gutentag, 1988). The geologic histories of the Sand
Hills dunes and the Ogallala aquifer are closely
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Figure 50: Aerial view of Sandhills Nebraska
Author: John Sidle
Time: December 7, 2019
Source: https://www.flickr.com/photos/121591536@N06/49184904287/

Figure 51: Snohetta MAX IV laboratory landscape
Source: https://snohetta.com/projects/70-max-iv-laboratory-landscape

connected: both have responded dramatically to the
drought episodes. Blockage of streams by dunes has
caused the aquifer’s level to rise 25 m in at least one
part of the dune field (Loope, Swinehart, & Mason,
1995). Scientists have found that the water vapor
evaporated from interdune wetlands may help keep
the dunes grass-covered and stable. Blockage of
the water through-flowing ancestor of Blue Creek,
by dunes, would have caused the water table to rise
and peat to start accumulating (Loope & Swinehart,
2000).

grow well on the northern shade slope. On the
shaded slope, trees can harvest some snow during
winter. This snow melted and irrigated the trees
during spring. The shade slope has less sun light
makes it have a slower evaporate rate.

The Sand Hills open the idea of using river water as
the main irrigation route and reducing groundwater
extraction. Even using river water to replenish
groundwater as much as possible when necessary
may also help the aquifer’s recharge.

The sand dunes are stacked together to form some
ponds inside, blocking the large stream system, thus
creating the wetland environment. The same theory
and idea can be used in a man-made scenario. If one
wants the land to get wet and allow the vegetation
to grow better, something possible to do may be to
create more sand dunes like the Sand Hills to block
the path of the stream and create more potential
small ponds.

Another project, the MAX IV Laboratory Landscape
Design by Snøhetta, also shared some of the natural
features of the Sand Hills. This project by Snøhetta
is working to create a series of artificial dunes. This
project has the base thinking idea about reducing
ground vibration caused by the nearby highway but
not about creating ecology. The design fully utilized
the soil mass on-site. No masses were transported
off-site.

In the Sand Hills area, water is the most important
thing for plants. Even though the Sand Hills are
covered mainly by grass, some conifer trees still
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With the help of GPS being installed in the
bulldozers, By uploading the digital 3D model directly
into the bulldozers, These different hills create a
huge potential for storm management and create a
different microclimate condition for vegetation, which
may also enhance the ecology and biodiversity.
The plant that needs wetter soil is more likely to
find a spot on the lower surface of the hill, while the
plants that need drier soil conditions would be more
likely to find a spot on the slope of these hills. The
design creates more possibilities for natural plant
succession. This hilly design also allows the sheep
to graze for a certain period and reduces the cost of
maintenance of management.
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Figure 52: Snohetta MAX IV laboratory landscape
Source: https://snohetta.com/projects/70-max-iv-laboratory-landscape

5. Kubuqi Desert Remediation
Location: Ordos City, Inner Mongolian, China
Time: 1980
Area: >6,000 Km2 (1.5m acre)

Figure 53: Snohetta MAX IV laboratory landscape
Source: https://snohetta.com/projects/70-max-iv-laboratory-landscape
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Figure 54: Kubuqi Desert remediation, 2018
Author: Zhen Lian
Source: https://www.sohu.com/a/421376955_267106
67

Case Study

The Future of The High Plains Aquifer | Addressing Potential Desertification In The Great Plains

Figure 55: Kubuqi Desert Map of plantations on the south bank of the Yellow River
Source: Review of the Kubuqi Ecological Restoration Project – A Desert Green Economy Pilot Initiative

Figure 57: Kubuqi Desert, 2020
Source: https://www.sohu.com/a/421376955_267106

Figure 56: Sand barrier technology
Using a grid pattern of bundled Salix (willow) stems, crop straw, and other materials.
Source: Review of the Kubuqi Ecological Restoration Project – A Desert Green Economy Pilot Initiative

Kubuqi is a desert within the Ordos Basin in
northwestern China, under the administration of the
Inner Mongolians. It is now one of the seven largest
deserts in China.
Kubuqi, in history, was not a desert. According to
the Book of Songs, the ancient city of Shuofang
appeared on the Kubuqi grassland 3,000 years ago
during the Western Zhou Dynasty. At that time, the
area was densely forested, rich in water and grass.
Since the late Shang Dynasty, the climate became
dry, cold, and windy, eroding the soil. Therefore, it
can be said that the Kubuqi Desert started to form
during this period. More than 400 years ago, at the
68

end of the Ming Dynasty and the beginning of the
Qing Dynasty, the area was in constant war, and the
uncontrolled and unrestrained land grazing activities
greatly aggravated the desertification of the land, and
a large area of good land was turned into desert. The
city nearby was deserted and abandoned.
People started planting vegetation on it in 1980.
The desert area keeps decreasing After generations
of hard work. Situated at an altitude of 850–2130
meters above sea level, it is a unique geographical
feature. The temperatures there range from -32.1
ºC to 38.7 ºC, with sandstorms occurring on
over 13 days per year and annual precipitation

Figure 58: Kubuqi Desert aerial view, 2020
Source: https://www.sohu.com/a/421376955_267106
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Figure 61: Water jetting planting method being used to plant Salix psammophila
Source: Review of the Kubuqi Ecological Restoration Project – A Desert Green Economy Pilot Initiative

Figure 59: Degradable material sand barrier
The use of degradable material by sand barrier technology is
helping transform hundreds of acres of Inner Mongolia’s Kubuqi
Desert into a green landscape in an environment-friendly way.
Source: https://www.chinadaily.com.cn/a/201808/06/
WS5b678ab7a3100d951b8c8b07.html

Figure 60: Vehicle helps construct the sand barrier
Compared to the man who established the grass square, this
vehicle can do the job 50 times faster
Source: https://www.zhihu.com/question/38165307
Figure 62: Liquorice plantation
Source: Review of the Kubuqi Ecological Restoration Project – A Desert Green Economy Pilot Initiative

averaging only 280 mm. Mobile dunes account for
61 percent of its area, and the majority of its surface
is covered by loose fine sand. Climate change and
geomorphological processes exacerbated by human
impacts have prompted desertification (UNEP, 2015).
Since the late 1980s, the experiment gradually
evolved to create a project that has implemented
green engineering developments over large areas of
the desert. In this project, A innovation system was
being created integrated with local knowledge and
modern technology, which has reversed the process
of desertification. The use of the straw checkerboard
barrier allows mobile dunes to stabilize into semi70

anchored dunes. These 1m x 1m straw checkerboard
barriers slow down the wind on the surface of the
dune, harvesting the moving sand. As the sand is
not moving anymore, it creates opportunities for the
seed of the vegetation to stop and start growing.
This method has now been used in a large area of
desertification land.
Most of the straw checkerboard was being planted
by humans. Its lifespan was estimated at around
3-5 years. Two experienced men can plant the straw
checkerboard barrier for about 2000m2 in two days.
As this method became successful, machines were
being invented to plant it more efficiently. With the

help of the machine, the straw checkerboards were
now can be planted at a significant higher speed with
less labor.
The development benefits enterprises, farmers,
and pastoralists and creates thousands of new
job opportunities. After the sand no longer moves,
it attracts millions of tourists to see this change
every year. The pharmaceutical industry has been
built around the harvesting of desert plants, and
a building materials industry developed based
on the ecosystem’s raw materials, supplemented
with investments in renewable energy. An ecotourism industry has been established owing to the

increase in biodiversity as well as an interest in the
desert green economy achievements. After years
of development, the ecology has largely recovered.
Before, limited species were able to live in that
desert land. All of these different productive activities
extended the economic chain and activated the local
economy. The towns nearby are no longer in poverty.
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Figure 63: Desertification of land in Kansas
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System Design Thinking

Forest - Tornado
49.9%
Tornadoes Record in
Great Plains Region
28050 : 56221

24.7%
Great Plains Tornadoes Record
In High Plains Aquifer Region
6932 : 28050
Figure 64: Forest - Tornado Frequency
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Prairie

Desertification Sandy Land

Figure 66: Wind and the Tornado Alley
Source: https://en.wikipedia.org/wiki/Tornado_Alley

Dryland Farming

Center Pivot Irrigrated Land

Land Condition
Today the whole High Plains aquifer mainly contained
these several types of land types, including
prairie, dryland farming, center pivot irrigated land,
desertification sandy land, cattle feedlot ranch, and
hog ranch. As the whole High Plains aquifer has less
and less underground water, the way to wait for it to
refill becomes impossible. The existing center pivot
irrigation will get dry in the future. Therefore, all fields
using center pivot irrigation will have to transit back
into the higher efficient irrigation system, back to
dry land farming practices, or retreat into the original
prairie system.

Cattle Ranch
Figure 65: Major land types in the High Plains Aquifer area
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Hog Ranch

The design thinking manages to use the limited
underground water to design and develop a new
windbreak system. The system will aim to protect

the field, the cattle, and other animals, reduce
evaporation, wind speed, and soil erosion, gain more
crop yield, and provide a series of places for people
as green corridors, trails, and use for camping,
sightseeing, and other recreation activities.
The windbreak system will also design to reduce
the tornado alley effect. For example, the windbreak
can design to reduce the warm, dry air and welcome
the warm moist air. This will reduce the moisture
evaporation from the ground. It can also design
to bring more rain. When the warm moist air is
confronted with the cold dry air, the warm air will be
lifted up, bringing more potential rain. The windbreak
will slow down several wind forces to reduce the
potential tornado and economic loss.
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The Unprotected Zone
Let us suppose we try to overlay the map of the Dust
Bowl Core Zone, The High Plains Aquifer Area, The
Shelterbelt Planting Zone, and the Decline of the
Aquifer into one map. We can find the Shelterbelt
Project planting in history avoid reaching the High
Plains Aquifer area. This area was historically semiarid. Without adequate irrigation and human care,
it is difficult to grow trees. The original Dust Bowl
core zone is now dependent on underground water
irrigation. The aquifer is now located in an area that
has not been forested and has few trees on it for
protection, so tornadoes can quickly sweep through
the entire land and bring potential economic losses.
It is not difficult to find out that there has been no
corresponding protective forest and related facilities
in the center pivot irrigation development for many
years. One reason is that the original land is irrigated
by groundwater. It is possible to grow crops that
could not be grown in the original drought.

groundwater is still sufficient to irrigate and support
the current evaporation.
In the original development model, most of the
farmlands and feedlot cattle ranches, in order to
maintain a highly efficient operation, almost have no
connection with each other except serving food for
the feedlot. Cattle and farmland rarely have a mutual
intersection. Now, in most cases, farmland relies on
chemical fertilizers and pesticides to produce crops.
After harvesting, they are used for feeding, and all
the cattle produce waste can not go back to nourish
the land directly. The nutrient of the waste will lose,
and all that waste will just be gathered into a pond.
The water in that pond contains rich nutrients, and
if direct discharge back into the groundwater, it will
bring underground water pollution. The wastewater
from the waste pond needs to be treated before
release.

Perhaps the second Dust Bowl did not occur over
these years because groundwater has been able
to be exploited to irrigate areas that were sandy
but with crop cover. With the crop protecting the
field, it is not as easy to generate dust storms. The
whole prairie ecology system has now been entirely
changed by agriculture into a large-scale agricultural
irrigation system. On the one hand, groundwater
quality will directly affect the land that has been using
center pivot irrigation for a long time. For irrigated
areas, the long-term reliance on groundwater
irrigation will lead to soil containing relatively high
salinization. On the other hand, without sufficient
groundwater irrigation to allow plants to regenerate
and grow, these soils will soon lose their organic
topsoil layer under high winds and hot weather,
followed by soil degradation and desertification.
The entire area is under no protection because the

Figure 67: The Dust Bowl zone is now heavily using
underground water without the shelterbelt protection
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Segregated Land

Feedlot

Figure 68: Cattle feedlot
Author: Chester Johnson
Source: https://www.flickr.com/photos/cbjohnson/51623387843/
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Center Pivot Irrigation

Figure 69: Typical center pivot irrigation field
Source: https://www.aces.edu/blog/topics/farm-management/
irrigated-corn-enterprise-budget/
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Imagination of 2050
As groundwater decreases and the sand content
of the extracted water rises, groundwater will
gradually face the problem of not being able to
support the irrigation of the site. We are now faced
with the problem of thinking about where the whole
high plains aquifer will go after the groundwater
is gradually depleted. Here are some envisioned
scenarios.
Suppose the site is not being remediated after many
years of irrigation with groundwater. In that case, it
will be difficult for the salinized soil to recover the
vegetation growth effectively. The land will easily
desertify in a short period after the abandonment of
using center pivot irrigation.
Suppose we completely restore the High Plains
to its original grassland state and return it to the
82

prairie. In that case, the entire High Plains will
lose its economic support. The economic value
of agricultural production will be lost if the main
economic activity returns to the prairie. It will
look like another Nebraska sandhill with nearly no
agricultural activities because of the sandy soil.
If we try to reforest the area, it will require a
significant amount of labor on the one hand. On the
other hand, since the original site already does not
have enough rainwater to irrigate the crops, to make
the tree survive will need more water for irrigation.
A large afforestation area would lead to a shortage
of groundwater and a more severe water problem in
the whole area. It would be questionable whether the
trees would survive after completely depleting the
groundwater. Also, as the area was once the prairie
ecology, even if the planting is successful, it will still

erase the original prairie ecology with forest ecology.
It will also bring difficulties in the maintenance after
the tree grows up.
Therefore, the design will consider constructing a
series of new windbreaks on the site. Just as center
pivot irrigation enables the growth of crops, so does
irrigation enable the growth of trees as a windbreak.
The windbreak will focus on the center pivot irrigation
field because the center pivot irrigation soil is more
likely to be degraded and desertification in this
unprotected area than the perennial dry soil.
The new windbreak will contribute to the protection
of soil and water. At the same time, the former
irrigated or dry farmland will continue to develop
under the protection of protected forests, or it can
decide whether to continue to maintain its status and

continue to develop according to its condition. For
example, agriculture that can no longer have enough
irrigated water can be developed into more waterefficient or gradually transformed into dry farming.
The places no longer suitable for dry farming can
be returned to the natural prairie state, returning
the land to grass. A windbreak can protect places
that have been partially desertified and under wind
erosion. The windbreak focuses on the desertified
land for treatment.

Figure 70: Imagination of 2050 scenarios
83

System Design Thinking

The Future of The High Plains Aquifer | Addressing Potential Desertification In The Great Plains

Design Concept
Since the underground water is limited throughout
the High Plains Aquifer and is generally considered
to last for 30 years to about the 2050s, the design
concept is that land will be protected by the
gradual establishment of the new windbreak. After
the windbreak is established, it will provide shade
and reduce the impact of wind on the surrounding
environment. After ten years, as the tree grew up,
the trees created a living space for the bird, squirrels,
and other wildlife species. The succession of other
plants will begin, and wind, birds, and other wildlife
will gradually bring seeds of other plants along
with the planted windbreaks, gradually creating a

variety of plants from grasses to shrubs to trees. The
process of succession will gradually develop from
grass to shrubs to trees that are able to survive in
this arid environment.
Moreover, the original prairie grass or agriculture
will also be better developed with the windbreak
to provide protection. The report showed that with
the protection of the windbreak, the crops inside
the 10-15 times the height of the windbreak could
get a higher yield than those without protection.
At this point, the windbreak will link these different
activities in a new model. Agriculture, livestock, and

prairie ecology will be reconnected, and the single
development model will be transformed into a more
ecological regenerative agriculture mode. Livestock
waste will be better returned to the land and
cultivated. The windbreak will become a sheltered
place in such vastness Great Plains area.

Figure 71: Design concept
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Compost Grazing

Conservation Tillage

Prairie Restore

Perennials Crops

Retreat

Water Saving

wind--> <--break
Detention
Water Harvest
Extend Economic Chain

Ecosystem
Social Engagement
Regenerative

Figure 72: Windbreak becomes a bridge connect different activities
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Figure 73: Windbreak + prairie regenerative agriculture model

Windbreaks protect the crop and ranch
Reduce irrigation evaporation and soil erosion
Remediate the land in degraded condition

Figure 74: Lack of tree protection

Forest - Tornado
Design Principles
The windbreak + prairie regenerative agriculture
model can provide the highest dynamic development
possibility without changing the existing ecology. The
design principles propose the solution to address the
development issues in the future.
1. Develop with technology and protection
2. Mimic Nature in Restoring Prairie Ecology
3. Conserve Water Resources for Sustainable Use
4. Recall The Historical Environment Memory
5. Social Engagement Extend The Economic Chain
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49.9%
in
For the whole High Plains AquiferTornadoes
system Record
thinking,
Great Plains Region
the design focus on its basic infrastructure,
recovery
28050 : 56221
ecology, and social spaces construction. The basic
infrastructure will stabilize bases for all the species to
continue growing. Recovery ecology aims to connect
all the separated species and mimic the previous
natural growing activities, which increase biodiversity.
As the basic infrastructure and ecology are being
developed to the next level, social movements can
happen in between the windbreak, where humans
can start to enjoy the vivid biodiversity environment.

1. Develop with technology and protection
24.7%
Great Plains Tornadoes Record
In High Plains Aquifer
Region
Windbreaks
6932 : 28050

protect the farm by reducing irrigation
evaporation and soil erosion. The site will be thought
of as a test field with various ways of protection
with different planting methods. The whole High
Plains before did not have some trees covered.
Therefore, as the tree planting, the place will have a
unique environment compared to the other places
without windbreak protection. The new design of
the shelterbelt will consider various orientations of
the shelterbelt to test its effect on field protection
and income generation. The design will consider
rethinking the existing irrigated farm areas and
designing a series of different orientation shelterbelts
for planting tests. The shelterbelts will slow down
the air circulation on the fields. Several types of

irrigated and non-irrigated plantings will be tested
to obtain the best and most cost-effective theories.
The successful experimental planting experience will
be disseminated to the whole society and used as a
reference for other places. The windbreak will reduce
the need for irrigation water that heavily depends on
central pivot irrigation to a certain extent.
The area will become an experimental area for
natural grazing, and the windbreak will protect cattle
rearing. Studies have shown that windbreaks provide
adequate protection for cattle and other livestock.
The cattle and other livestock will be more willing
to stay in the sheltered forest during windy days for
better protection.
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Basic Infrastructure

Replant new vegetation

Stop the sand moving

Solar panel reduce heat and wind

Harvest wind power reduce wind speed

Construct detention pond for saving water

Protect the top soil of the dune
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Figure 75: Basic infrastructure construction
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•
•

Reintroduce wild animals to increase biodiversity
Periodical planned grazing and hunting

Figure 76: Reintroduce wild animals to increase
biodiversity
Source: https://www.ft.com/content/f1017648-1b94-11e3-b67800144feab7de

•
•
•

Reduce underground water
Using higher efficient water saving irrigation
Water collection and detention harvest limited water

Figure 77: Irrigation nozzle
Source: https://www.potatogrower.com/2018/03/staying-close#

2. Mimic Nature in Restoring Prairie Ecology

3. Conserve Water Resources for Sustainable Use

Over a long period, the land was in the prairie system
suitable for prairie growing. The design focus on
the agricultural land that is no longer being irrigated
by the center pivot irrigation. As the field relies on
underground water irrigation for a long time, the soil
contains different salinity and microorganism levels
than the farming activities without irrigation. The
natural soil fertility level will decrease as years of
crop growing. Therefore, once the soil is no longer
being irrigated, the soil will need a longer time to
restore. It needs more time to restore the irrigated
soil back to the natural prairie ecology.

Due to constant evapotranspiration and limited
rainfall in this region and the agricultural practices
that require heavy irrigation on a permanent basis
to maintain crop yields, the sites need to use water
more efferently and explore ways to save more water.
On one side, it is necessary to reduce underground
water usage by using a higher efficient irrigation
method. Using drip irrigation, conservation tillage, or
other technology reduces water usage. On the other
side, it is necessary to capture rainwater and other
water resources as much as possible.

For the land already deserted, restoring its soil
condition back to the prairie system becomes
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necessary. Bison and other wild animals would be
introduced back again as their daily grazing, and
wallowing activities will increase the patches on
the ground and create the growing environment
for biodiversity. Even though most of the land in
the Great Plains may be flat, the design will utilize
the micro landform to create a micro-climate. The
windbreak not only established as linear trees, but
also in some spots mimics the forest growing style
full of dynamic. They will be constructed as a series
of clusters at the shaded slope. When the cluster of
trees grows, they will harvest the snow during winter
and moisture the degraded soil, helping the grass
grow again. In another season, it will reduce the
effect of the wind.

the detention pond will play the role of storage.
Rainwater will be gathered in the lower sport fallow
the stream and flow.

The original rainwater is not being effectively
collected and used right now. The infiltration and
evaporation will bring much waste. Therefore,
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Recovery Ecology

Reintroduce Wild Species Enhance Biodiversity

Periodicity Planned Grazing And Hunting Mimic Nature Activity
Crop Rotation
Grazing During Winter Idle Time

Protected Farming With Windbreak

Organic Soil Swap from Ranch to Protect Barren Land

Snow Harvesting Optimise For Winter

Playas Rainpond Micro Landfrom Creation Create Diverse Growing Environment
Figure 78: Recovery ecology
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•
•

Visting trail tells the story of Dust Bowl history
Educational program teaching next generation

Figure 79: Dust storm over western Kansas in 1935
Source: https://www.kansas.com/news/article986206.html

•
•

Extend industrain chain provide diversified product
Eco-agricultural tourism increase encome

Figure 80: Farm open day in Massachusetts

4. Recall The Historical Environment Memory

5. Social Engagement Extend The Economic Chain

As some parts of the High Plains Aquifer were
once the Dust Bowl core zone, the landscape has
transformed from a historic prairie landscape to
dry farming, then changed from dryland farming
to center pivot irrigation. In less than two hundred
years, the land has changed a lot, and many
historical traces have disappeared unnoticed. Apart
from farming, the historical significance and stories
have become untraceable. Therefore, as one of
the core areas where the dust bowl has historically
occurred, the former dust bowl event has had a
significant impact on the site and left the memory
belonging to the previous generation. The design
will reawaken people’s memory to the fact that the
site is fragile and historically may not be suitable for

Most agricultural production activities were initially
homogeneous, with agricultural products either
sold directly or used to raise livestock in the
neighborhood. However, the entire Central Great
Plains has a lot of lands, and there are still a lot of
worthwhile resources to be exploited. The design
will aim to extend the economic chain and introduce
more social participation activities. The protected
windbreak will become a series of tourist trails
for people, and agricultural activities will become
part of the landscape, providing sporting places
for different activities. As more people visit, it will
increase its economic income and compensate
for the monotonous agricultural farming or grazing
income operation. The development of tourism and
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farming, reminding people that Dust Bowl has been
generated by unreasonable development and center
pivot irrigation and continuous irrigation. If central
pivot irrigation and ongoing irrigation activities are
not moderated, continued development will have
unpredictable far-reaching effects.

educational trails will tell the story of the landscape,
and the recreational programs such as hunting
activities will mimic the natural hunting process.
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Social Space

Greenway Market Place Sale Fresh Agriculture Products

Camping in Agriculture View Healing Experience

Barbeque Activities Under The Trees

High Econmic Value Plant With Social Invovement

Wild Animals Enhance Tail Experience

Retention Pond Create Potential Fishing Experience
Figure 81: Social space creation
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Design Strategy

For Irrigation Field
As most decertify land starts from the heavy center
pivot irrigation field. Windbreaks are proposed to plant
50% along the edge of the field or along the irrigation
edge. If most of the fields plant 50% of their edges
with windbreaks, each edge of the system will cover
with trees for protection. For some irrigation filed, as
the water can only support the inside crops growing,
the outside ring can be planted with trees that better
utilize tailwater from the crops.

For Desertification Field
The solar panel can absorb the energy from the
sun. The panel will reduce the direct energy to the
land, cover the highly decertified land, and reduce
evaporation and wind erosion. For most irrigation
fields, the edge would likely have a high chance
of desertification. Therefore the tree along the
edge can better protect the whole field. The straw
checkerboard Barrier will stop the sand from moving.

For Prairie Recover
Playas ponds are one of the resources that the
aquifer can recharge. Along the edge of the playas
pond, because it has high moisture conditions, can
support more types of species to grow. However, as
agriculture developed, these different species were
wiped out. This strategy utilizes the micro landform
in the High Plains land to create higher biodiversity
vegetation.

Figure 82: Design strategy axon
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For Dryland Farming
Most dryland farming now does not depend on
aquifer water. Therefore, the growing crop use less
water is important for the High plains Aquifer as
global warming continue.

For Livestock Feedlot
Most of the feedlots will also be proposed to use
windbreaks to construct the shelter for the animals.
The windbreak will help to absorb the nutrition from
the waste of animals and reduce odor and noise
from the animals. The linear water serving channel
will replace the cattle well and reduce the chance
of the animal gathering into a spot that causes soil
degradation.

Figure 83: Design strategy axon
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Figure 84: A windbreak protected community
104

105

System Design Thinking

The Future of The High Plains Aquifer | Addressing Potential Desertification In The Great Plains

Windbreak + Prairie
Regenerative Agriculture

Different design strategies are used for different
states of farmland and cattle feedlots. After all these
windbreaks and protected fields are constructed,
the entire High Plains Aquifer has a more stable
biodiversity system. These windbreaks form an
ecological corridor that provides a pathway for the
movement of different animals. The windbreaks
also serve as a pathway for movement, and the
associated bike paths and visiting trails are built
along with these windbreaks.
When the whole system is formed, farmers in
different areas can gather into a shared community
that can cooperate and share. All the land will be
negotiated inside the community, and different
grazing schedules can be made for different land
conditions. The entire system will be connected to
the existing cattle feedlot to form a rotational grazing
schedule. The land will be trampled to simulate the
migration of animals so that it can better absorb the
manure produced by the animals as fertilizer and
grow healthier
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Figure 85: Planned grazing community
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Early-Stage Irrigation Attempt
The city located next to the Arkansas River. People
there explored irrigated agriculture early in. In the
1890s, attempts were made to excavate ditches,
to make the water from the Arkansas river reach
the field in the town. The ditch was being designed
and constructed to make it longer and reach more
fields for cultivation. The farmer who has a farm that
could get irrigation found the benefit of irrigation.
The crop could quickly get double or triple the yield
with irrigation compared to those not being irrigated
(Opie, Miller, & Archer, Ogallala: Water for a Dry Land,
2018). Since then, people have realized that irrigating
farming has become necessary. Attempts to find
stable water resources for irrigation are constantly
being explored and practiced.

Figure 87: Site condition satellite image
Source: Arcgis

Site Introduction
In this research, the site under desertification was
selected. The site is located 30miles southwest of
Garden City, a deserted and decertified farmland
visible to the satellite images, dozens of which have
been deserted to varying degrees. Compared to
other areas throughout the High Plains Aquifer, such
as Texas, the narrow Oklahoma panhandle, etc., this
site stands out and is easy to spot on satellite maps.
Therefore, the site was chosen as a typical prototype.
The site’s historical development also refers to the
development of the garden city.
Garden city was founded in 1878 and was just a
tiny little town. After the Homestead Act of 1863,
the Santa Fe Railroad was put in a switch station
in 1879, massive numbers of residents started to
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reach Garden City, and the whole city started its
development.
Garden city was in a semi-arid steppe climate
with hot, dry summers and cold, dry winters
(Peel, Finlayson, & McMahon, 2007). The average
precipitation is 19.47 inches (495 mm) during an
average year, and most of the rain falls during
summer (“NOWData - NOAA Online Weather
Data”). The city there was in a loose, sandy loam
environment. Sagebrush and soap weeds were the
primary vegetation growing there, but there were
limited trees in that arid weather condition.

Figure 88: Farmers ditch, Garden City District
Creator: Steele, F. M. (Francis Marion), 1866-1936
Time: Between 1900 and 1910
Source: https://www.kansasmemory.org/item/200021

However, The Arkansas river was not always stable,
as the river could not sustain water, and irrigation
agriculture activities failed in history. Some of the
typical cases were that during the dry days, when the
crop needs irrigation, the water in the ditch is also
not sufficient to support the growing crop. Without
irrigation, the crop thrives to survive. The water on
the Arkansas River decreased as the upstream city
of Pueblo took more and more water. The upper city
makes the lion’s share of the water. Therefore, when
the water flowed into the Garden City, the river was
already intermittently. The early water ditch that is
being made cannot get enough water as a stable
resource for irrigation as the river water is declining.
People have to find another way to better support
their field.
The use of windmill irrigation has its limitations. The
windmill is more than enough to pump up a limited
amount of water and cannot be used to irrigate
a large field of crops. Often, the amount of water
pumped up can only be used to feed livestock and
for daily use. The water delivery is also difficult
compared to use center-pivot irrigation sprinkle
delivery to the crop as efficiently as now. Therefore,
this method has mostly been used to feed cattle on
ranch land.

Figure 89: Irrigation and windmills in Kansas
Source: https://www.kansasmemory.org/item/214876/page/5
111

The Future of The High Plains Aquifer | Addressing Potential Desertification In The Great Plains

Site Test

Figure 90: Timeline collage make from the book Ogallala:
Water for a Dryland
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Figure 91: Dust storm Garden City Kansas, 1935
Source: https://www.kansas.com/news/article986206.html

Land Type 1995

The Use of Center Pivot Irrigation
Early irrigation systems had too many shortcomings.
The windmill towers can only meet a small part of
the water needs and cannot meet the diameter of the
half-mile-wide farmland irrigation. It was often only
able to meet the needs of a few livestock. With the
massive impact of the 1930s dust bowl, people had
to go back to dryland farming, but dryland farming
can only be planted and grow with a limited type of
crops, so it is difficult to achieve large harvest and
profits.
With the dust bowl’s arrival and the combination
with the Great Depression, New Deals began to
engage in all aspects of economic and ecological
restoration. For some land that was initially
unsuitable for farming, the state started to buy the
land at a reasonable market price and purchase them
for protection. The south banks of the Garden City
were originally the sand dune area. Some of those
lands were being purchased by the government as
114

Land Type 2005

Land Type 2015
Figure 92: Land type change in 20 year

The Changes in Land
protected land.
However, with the gradual development of engine
technology, center pivot irrigation technology began
to be used widely. Gigot family in the 1960s traveled
300 miles into Nebraska. They brought one center
pivot Irrigation system directly from the factory. The
project was started 20 miles southeast of Garden
City. This area used to be a sandy dune area, but
its irrigation attempts were successful. Then, they
started to build more and more irrigated systems
(Opie, Miller, & Archer, 2018). Underground water did
not have any limitations as people did not know how
many resources they had. Therefore people think this
resource is unlimited. It is a resource “To use it or
lose it”. Some thirsty crops like corn were able to be
planted to get higher profits. Because of the aquifer,
the land price of these land once exceed the eastern
wetter land

With increasing reliance on groundwater extraction
throughout the region, center pivot irrigation
has gone from being used mostly in sandy, arid,
water-scarce areas to being installed and relied
upon for higher yields on many originally dryland
farming lands. The heavy use of groundwater on
farmland throughout the region has exacerbated
groundwater decline in this sandy area where center
pivot irrigation was developed relatively early. The
decline in groundwater made it increasingly difficult
to irrigate the site, so from 1995 to 2015, the center
pivot irrigation field at the site gradually declined.
Irrigation facilities were removed, and the land
ceased irrigation operations in some field. Only a
limited portion of the farmland is still being irrigated.

desertification. Most of the land along the center
pivot irrigation system edge has shown higher
chances of desertification. The overall desertification
follows the site topography and contours, with sunny
slopes more prone to desertification than shady
slopes. If there is a catchment area in the overall
microtopography of the site, it is relatively easier to
restore the early regrowth of weeds.

The land that has not been developed as irrigated
farmland has not changed much because of the
relatively rugged topography. In contrast, most of
the land that has not been irrigated shows less
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Well Condition
From the GIS data of water wells data, it can be
recognized that most of the wells still in use have
a water table depth that generally does not exceed
100ft. Most of the wells with a water table exceeding
150ft have been demolished because it is challenging
to extract groundwater from the underground. There
is a correlation between the height of the water table
and the density of the wells. Areas with higher well
densities have relatively lower groundwater levels,
and conversely, areas with lower well densities have
higher groundwater levels. With most of the wells
having been abandoned or removed, only a few
wells can still be utilized at this time. The design will
propose corresponding functions and optimizations
based on the locations of the wells that currently
exist. As the land still has some micro landform, the
plan will also utilize the water flowing path to design
with related functions.

Figure 93: Irrigation from the 2017 satellite image
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Figure 94: Well data from GIS data
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Figure 95: Land condition zone
Figure 97: Programmed zone proposal

Programmed Zone Proposal
The functional zoning of the site is optimized by
the current primary state of the site and will evolve
from Cattle Grazing, Agriculture, Existing Prairie,
and Desertification. Therefore, most of the land
using center pivot irrigation will be proposed to plant
windbreaks for future protection. Bison, as the wild
animal will be reintroduced to the desertification zone
to recover its biodiversity. The land will still be mainly
used for cattle grazing in the existing cattle grazing
zone. The idle lands are the land that previously were
center pivot irrigation land. They will focus on using
the planned cattle grazing strategy to recover its
natural fertilization better. Prairie Preserve land focus
on the creation of more biodiversity. The land will
try to keep wild, creating chances for seeding and
succession for other fields.

The playas rain pond will focus on creating wetland
conditions. As most of the water will gather there, it
creates a chance for collecting rainwater. The ponds
will be designed to retain rainwater and reduce
infiltration, which also can be used for irrigation
during dry weather. The drip irrigation testing field
design close to the existing wells will also benefit
from using that water.
Most of the land no longer using center pivot
irrigation will become the prairie windbreak testing
field. The windbreak testing field will aim to test the
best model for windbreak planting. The field will have
different windbreaks sides for testing species and
spacing for better field protection.

Figure 96: Water flow analysis
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Master Plan

B

B

A

A

Figure 98: Master plan
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Figure 99: The planned rotation grazing diagram

Figure 100: The model testing environment

Model Testing
The site provides a perfect model for cattle and
bison. The cattle focused more on bringing
economics while the bison focused on recovering
ecology. These animals will be planned and rotated
for a whole year. During summer, they will stay
at their home field, while during winter, with no
agriculture activities, the animals will be rotated into
the cropland to trample the soil. The residue of the
crops and weeds can provide food for these animals.
Their waste on the ground will increase the soil
nutrient, which will benefit the crops growing next
season.
122

Two simple test models were built to observe the
changes to test the visual effects of wind and the
environment. These two models used white paper
print with the design plan as the background to
make it easy and show the windbreak directly. The
“windbreak” in the test model slightly thickens
for easier laser cut. The test site was chosen in
Rhode Island Desert, roughly 20miles southwest of
Providence, and is unique in that it is a dune in the
Rhode Island area, which kicks up fine sand when
the wind blows. The two test models were tested for
one hour at 18:00 on May 11, 2022. The weather was

sunny with a gusty northeast wind. The wind is drier
from the southwest on the Great Plains. Therefore
the model is rotated to simulate its state during the
southwest wind.

123

Site Test

The Future of The High Plains Aquifer | Addressing Potential Desertification In The Great Plains

After being exposed to the sand dune for about
an hour, the model without windbreak can only
sediment most of the large sand, while the model
has windbreak protection that can sediment most of
the tiny sand. The full circle “windbreak” shows the
highest sediment capability. Thus, it is conceivable
that these windbreaks will capture the reduced dust
in the air during hot, dry weather, while winter storms
capture the snow that will nourish the seeds for
growth when spring arrives.

Figure 101: Test model after 1 hour
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Section Perspective
Desertification Land 5 Years
In the first 5 years, the remaining center pivot irrigation infrastructure
will be used to irrigate the windbreak newly being planted and
restore the prairie grass. The windbreak will be planted using drip
irrigation to make it able to survive during the drought season.

Figure 102: Imagination of the high desertification field after 5 years
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Desertification Land 30 Years
After 30 years, the high desertification field recovered with prairie
grass. The and solar panels helped to reduce wind erosion and
evaporation. Grazing activities will be planned for cattle and bison to
improve the soil condition.

Figure 103: Imagination of desertification field after 30 years
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Rain Pond Playas 5 Years
In the first 5 years, those potential playa rain ponds will update for
better water retention. Some trees will be planted according to the
soil condition. Different species will start to succession around the
playas pond.

Figure 104: Imagination of playas wetland after 5 years
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Rain Pond Playas 30 Years
After 30 years, the playas ponds become spots full of biodiversity
and provide space for social activities. During the bird migration, it
becomes the place for the birds to take a rest.

Figure 105: Imagination of playas wetland after 30 years
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Farmland Cattle Prairie 5 Years
In the first 5 years, the windbreak will be planted along the exiting
crop field or cattle grazing field. The under-surface drip irrigation will
be installed for the dryland crop field.

Figure 106: Imagination of field, ranch grazing land after 5 years
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Farmland Cattle Prairie 30 Years
After 30 years, crops will grow under the protection of windbreak.
The water channel that delivers water will replace the center spot
well cattle pond. The windbreak also provides protection for cattle.

Figure 107: Imagination of field, ranch grazing land after 30 years
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Typology Design

Road

Shade Slope

Water Deliver Channel

Irrigation Edge Protection

Solar Panel

Field Path

Field Protection

Playas Rain Pond

Figure 108: Typology design 5 years and 30 years changes
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Sections 5 Years

Section A - A

Section B - B

Figure 109: Imagination of section condition after 5 years
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Sections 30 Years

Section A - A

Section B - B

Figure 110: Imagination of section condition after 30 years
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Conclusion

“This groundwater aquifer is defined
as a free resource. No direct cost is
attached to it. In Kansas, Oklahoma,
and Texas it belonged to each state
and was made available without
restrictions except for “beneficial use.”
Plains irrigators, like the herdsmen,
were proudly independent and claimed
free consumption of groundwater. From
about 1950 to 1980, they assumed that
the groundwater was limitless. ……
The Ogallala aquifer is a commons and
it carries the burden of an inevitable
tragic outcome.”
From Ogallala: Water for a Dry Land
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In the book Ogallala: Water for a Dry Land, the
author used the word “The Tragedy of the Ogallala
Commons” in the final chapter’s conclusion. But in
my opinion, what is the consequence if the aquifer
depletes. What potential crises will happen is worth
thinking about. I thought the desertification might
be the most direct change, and the windbreak may
help reduce the crise. Therefore different types of
windbreak were proposed in my thesis design. Using
the remaining aquifer to plant trees as windbreaks,
developing regenerative agriculture may be the
potential solution to this potential crisis to recover
the prairie ecology better.

think about the consequence of these different policy
strategies and the potential result.
There are still lots of ideas, concepts, knowledge,
and thinking worth more research and need more
testing to demonstrate it will work in the limited time
of this thesis semester. Most of the research and
some thought only finished after the winter of 2022,
so this whole region has not been explored and
immersed. Some proposals may not work very well
as the arid climate condition in the Great Plains is
somehow unpredictable and unimaginable.

Solving the common issues will need all the residents
living in the region to engage in it and start working
together. It will somehow be too difficult for one
person with limited knowledge to fully design a
perfect model or phototype to test and bring it back
onto the specific site or location. The larger the
project, the more people from different disciplines
need to contribute to the ideas and concepts.
Today the whole United Stated has the Strategic
Petroleum Reserve as one of the stockpiles that
maintain economic and strategic purposes. But
the whole U.S lack a strategic food reserve.
Climate change is still increasing, affecting U.S.
crops (Hamilton, 2022). People in the High Plains
Aquifer region today can still rely on the aquifer
and contribute to about one-fifth of the crop yield.
To protect this area and reimage the windbreak as
protection becomes something that needs more
thinking. President Franklin D. Roosevelt put a lot of
effort and money initiated the Shelterbelt Project. It
was a good start in history, but after the shelterbelt
was planted in the farmer’s field and became the
farmer’s property, it did not become common for
everyone to treat it like a treasure. It is necessary to
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Figure 111: Imagination aerial of the high plains field being protected
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Appendix
In my third year studying at RISD, the Border Studio
in 2021 Fall opened my eyes to the whole U.S., and
I started to look at some places no longer inside
Rhode Island. Agriculture and the story of bison are
some stories I know. Once the whole U.S. Great
Plains are full of bison roaming freely. Then the
colonization and the development of the middle and
the west started the land change. Today, the U.S.
only has 1% of the population working in agriculture,
but the yield can feed the whole country and even
output to other countries as an income resource. As I
learned more, I learned more about the Great Plains.
Today, most landscape architects or architects seem
more focused on the urban area with dense people.
The design of private gardens, urban parks, or urban
planning is full of commercial thinking and needs
a whole team to work on and make it profitable.
But the thinking for limited people, a large piece
of land, and under the climate change context or
related global common seems unprofitable and lacks
thinking. Many works for the large-scale system
somehow seem too complicated to research and
design.
This explains why the area was decertified has fewer
people, with a difficult living environment fewer
people would like to live and spend their lives there.
Only specific plants would be willing to grow in that
hardship environment. Without enough population
and density to become an urban, there will not have
enough talented landscape architects to design and
make a better place. That desertification area or
desert area is just being left there and no one cares
about their future.

However, Deserts make up 33% or 1/3rd of the
land’s surface area (Cain Fraser 2010). Under climate
change and global warming, drought happens
periodically. If the land is not being cared for or
remediation, more land might have the changes to
become deserted or face desertification issues. This
process was not only caused by nature, but also by
humans. When humans today can cause a series
of conflicts on the land, whether we can also take
some effort to revert the process or remediation?
With today’s high-technology or low-technology,
whether we can make our ecosystem reach a point
all kinds of species balance together? In most areas,
designers have proved successful examples. The
relationship between the land, people, and nature
today faces new opportunities with the help of
technology.
These years, most coastal big cities have put effort
to keep thinking about the climate change, global
warming, and the sea-level rise that is causing
potential crises, economic loss, or damage to the
city, trying to figure out the strategies for more
eco-friendly solutions to solve it. But, compared to
those cities, people living inland seem more trying to
ignore these issues, moving out and abandoning the
place they lived before. This makes me think more
about the future of inland. If the design can optimize
the limited water, solve the potential desertification,
creating a healthier ecosystem. We would design a
better living environment for ourselves.

Figure 113: High Plains Aquifer decline and agriculture mapping
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